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Method, apparatus and instrument for monitoring elongate magnetically 
permeable members 

Description of EP0027368 



MONITORING OF ELONGATE MAGNETICALLY 
PERMEABLE MEMBERS 

This invention seeks to provide an improved technique and instrument for monitoring gradual metal loss in 
cables, reinforced belts, rods and rails while they are in service, the metal loss being due to wear, 
corrosion, breakage or stretch - any reduction in metal section being taken as effective metal loss. 

While the technique is an electromagnetic one and the invention will be described in relation to steel 
cables and rails, it is not confined thereto as it is applicable to monitoring loss of metals normally 
considered to be nonmagnetic, such as brass, but which become magnetically permeable under high- 
frequency electromagnetic fields. Also, while particular reference will be made to the detection of metal 
loss in conveyor belts, it will be clear that the invention is not limited thereto. 

Conveyor belts commonly employed in the mining industry are formed from long strips of rubber or other 
elastomeric material within which longitudinal steel cables or cords are embedded. As the rubber surface 
wears or is damaged, the steel reinforcing is exposed to corrosion which is often difficult to detect by an 
examination of the surface of the belt, particularly while it is in use. To stop long conveyor belts for regular 
visual inspection, or to allow the belts to run until they break, is of course costly and it is common practice 
to discard belts after a given period of use, but much servicable belt is discarded in this way. 

Similar dilemmas exist in regard to the inspection of steel haulage cables. 

It is known that the breakage of steel strands or wires in haulage cables can be monitored 
electromagnetically while the cable is in use by magnetising it at one point and 
encircling it with a search coil at another point immediate 
ly "downstream" from the first to detect magnetic anomalies 
formed at strand breaks as they move through the detecting 
coil. Such anomalies have also been detected by propogating 

elastic waves along wire rope by the use of magnetostrictive transducers; see for example U.S. PatentNo.. 
2 656 714. 

However, neither ofthese techniques aredffective- in monit- oring the total mass of metal present or the 
gradual losso-f: metal through corrosion or wear. 

Known alternating current techniques are,inzg.ener al, based upon the generation of eddy currents in the 
cable by elctromagnetic induction- and the detection ofthese eddy currents through useof a search coil 
downstreamofthe- electromagnet. Again,this -technique is not sensitive to gradual metal loss and, 
moreover, isdependent upon the speed at which the test piece passes through the transducers relative to 
the rate at which the eddycurreflts -decay.- A technique of this type is described in Australian Patent No. 

216676. 

Not only do-the above techniques have serious disadvantages when applied to individualwirei ropes or 
rods, but they are quite inappropriate for application to conveyorbelts of up to a metre or-more inwidth and 
containing as many as 50 embedded reinforcing cordslt hays been proposed 
(see U.S. Patent Numbers. 4 020 945 and -38.99 071) to detect stretch and tears or other physical 
damagein such belts by incorporating magnets or conductive loops in the belt material during manufacture 
so that a transducer can be magnetically-orinduc.tively coupled thereto and, when thebelt-.is torn and the 
magnet or loop broken, an alarm can be sounded. 

Not only are such belts expensive to manufacture, but the technique does not allow monitoring of gradual 
metal loss, stretching of splicesor.the-monitoring of conventional belts. 

Accordingly, the present invention seeks to provide an instrument and technique formonitoring the 
effective loss of metalfrom bodies such as steel cables and steel-cord reinforced conveyor belts in anon- 
destructive fashion while the cables, belts or the like are in normal use. 
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The present invention is based upon the realisation that a transformer-effect provides a sound basis for 
monitoring overall metalloss-, -especiall-ywith- suitable design of the transducer, giving compensation for, 
or minimisation of, relative movement of the test piece and transducer, and/or by comparing the 
"signature" of a new belt when it is first installed with signatures obtained in the same belt after some 
period of use. 

According to one aspect of the present invention, the instrument includes a transducer comprising: - a 
magnetically permeable U-shape body formed so as to define a pair of spaced poles having substantially 
co-planar faces, one pole being divided into sections by deep slots formed in its face, exciting coils wound 
around said sections and interconnected so as to create a substantially uniform magnetic field between 
and along the pole faces when said coils are energised with alternating electric current, at least one 
sensor coil wound about the other pole (or portion thereof) so that, in use, an alternating electric potential 
will be induced in the sensor coil when a metallic body being monitored is located in proximity to and 
across the pole faces, the magnitude of said signal being related to the amount of magnetically permeable 
metal in the portion of the body between the pole faces. 

Preferably, the transducers are arranged to substantially encircle or encompass the periphery of the body 
which is to be tested so that the effect of movement of the body away from one portion of the pole faces 
will be compensated by the movement of the body toward another. It is also preferable to employ 
mechanical guide means such as rollers or the like, fixed with respect to the transducer, so as to guide the 
test body therethrough. 

From another aspect the invention also includes a technique for monitoring metal loss from steel- 
reinforced conveyor belts or steel cables and the like wherein the belt or cable is passed through the 
above described transducer, a signal is derived from the sensing coil (using appropriate 
filtering, clipping or processing methods) and electronically recorded to provide a first signature, a second 
signature is 

derived and recorded in the same way some time later, and wherein the first and second signatures are 
electronically 

compared and a signal is derived from the difference between 
them to indicate the degree and location of metal loss tor 

other faults) along the cords or strands and/or to activate an alarm upon the defects reaching a 
predeterminedmagnitude 

According to afurther- aspect -of the inventionthere This disclosed a method of monitoring the integrity of 
an elongatemagnetically- permeable member, saidmethod comprising the steps of aligning said member 
between two spaced apart magnetically permeable pole faces separated by a magnetically permeable 
yoke carrying a field winding and a sensing-winding; inducing a time varying magneticfield in said yoke 
which passes through, said elongate member between said pole faces; causing relative 
movementbetween said elongate member and said pole faces; and sensing changes in the magnitude of 
the voltage induced in saidsensfing-winding caused by changes in the reluctance path containing said 
yoke and said elongate member. 

According to a still further aspect ofthe invention thereis disclbsed apparatusfor-monitoring the integrity of 
an elongate magnetically permeable member, said apparatus comprisinga magnetically permeable yoke- 
hiaving two pole faces and being adapted -for movementrelative to said member; a field -winding and a 
sensing windingcarried by said yoke; spacing means to maintain said pole faces spaced a predetermined- 
distance from said elongate member; current generating means connected to said fieldwinding to induce a 
time varying magnetic field passingthrough-said elongate member between said pole faces-; and sensing- 
means connected to said sensing winding to sense the voltageinduded therein by saidmagnetic field. 

In order to further portray the nature ofthe present invention, a few particularexamples-will be described 
by way of illustration only. In the following description reference will be madetithe accompanying- drawings 
in which: 

Fig. 1 is a schematic perspective and partly cross 

sectional view ofthe apparatus ofthe preferred embodiment, 

Fig. 2 is aside- elevation- ofthe apparatus of Fig. 

1, 

Fig.3- .is a sdhematiccross-sectional view ofthe upper magnetic yoke ofFigs.- 1 and 2, i 

Fig. 4 is a block diagram ofthe.electic sensing circuit -used in conjunction with the apparatus ofFigs. 1 tb 

3, 
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Fig. 5 is a circuit diagram of the input interface block 16 of Fig. 4, 
Fig. 6 is a circuit diagram of blocks 1 7 and 1 8 of 
Fig. 4, 

Fig. 7 is a circuit diagram of the differentiator block 19 and the latch block 20 of Fig. 4, 

Fig. 8 is a circuit diagram of the power supplies block 21 of Fig. 4, 

Fig. 9 is a graph of the output of the circuit of 

Fig. 6 as a function of time illustrating conveyor belt signature, 

Fig. 10 is a graph similar to Fig. 9 but with increased chart recorder speed, 

Fig. 11 is an X-ray result illustrating the splices indicated in Fig. 10, 

Fig. 12 is a graph of the actual cord number as revealed by the X-ray of Fig. 1 1 , 

Fig. 13 is a graph of the output of the circuit of 

Fig. 6 illustrating by corrosion signature the condition of a small portion of a conveyor belt, 

Fig. 14 is a graph similar to Fig. 13 but illustrating by corrosion signature the same portion of the belt 

illustrated in Fig. 10, 

Fig. 15 is a graph similar to Fig. 1 4 but with increased chart recorder speed, 
Fig. 16 is a perspective view of a portion of a conveyor belt, 
Fig. 17 is a graph of the output of the circuit of 

Fig. 6 as a function of time when the transducer is moved transversely over the belt surface showing a 
covering wear signature of the wear of the rubber covering of the belt relative to the cord plane. 

Fig. 18 is a schematic perspective view of apparatus of another embodiment used to measure wear of 
steel cables, 

Fig. 19 is a side elevation of apparatus of a still 

further embodiment used to measure wear in steel rails such 

as railway track, and 

Fig. 20 is a cross-sectional view taken along the line. XX-XX of Fig. .19. 

Referring now to Figs. 1 ,- 2, and 3, the .apparatus of the preferred embodiment comprises atransducer 
assembly 1 formed from an upper magnetic yoke 2 of soft iron-which is suspended below a wheeled 
carriage 3.The yoke .2 formed. 

from an inverted U-shaped channel member which has a plurality of slots 4 located at regularly spaced 
intervals in. each of its side wall-s thereby forming a plurality of pole pieces 5. Each pole piece 5 carries- 
either a field winding 6 or a sensing winding 7. 

The carriage 3 is formed from heavy materials such as brass and issupported by a plurality of wheels 8 so 
that the pole pieces 5 are spaced a predetermined distance, fromthen upper surface 9 of a conveyor belt 
10 havinga. plurality of longitudinally extendingsteel-reinforci-ng cords 11-. 

A lower yoke 12 substantially identical with the upper yoke 2, is suspended from the carriage 3 by 
supports 13 (Fig. 2) located at each end of the transducer assembly 1. 

Like parts of the two yokes 2and 12 are designatedA-ana B respectively throughout the specification and 
drawings. As will become apparent from thedescription hereafter relating to conveyor belt signature 
analysis, both yokes are notess- central to the present invention, sinceonly one yoke is re-quired for 
conveyor belt signature and analysis. 

The transducer assembly 1 is preferably located onthe return run of the conveyor so that the upper yoke2 
is therefore located above the upper(dean)- surface -of the 
return run of the conveyor and between the forward .and return 

runs of the. conveyor. The lower yoke 2 is thuslocated: belo.w the return run of the conveyor. 

The conveyor belt 10 is normally fabricated from non-magnetic material such as rubber or an elastomeric 
polyurethane. Preferably the dimension of the pole pieces 5A and 
5B are such that approximately 10 ofthe cords - 1 1 pass under 
each pole piece 5. The slots 4 reduce lateral eddy currents 

in the yokes 2 and 12 thereby resulting in better uniformity ofthe magnetic field distribution between the 
pole pieces 
5A and 5B. 

Asseen in Fig. 3 the dimensions of each yoke 2-and 12 are preferably inter-related so that the yokes can 
be scaled to any size. Thus, for a width W for the yokes 2 and 1 2, the thickness T of the high permeability 
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material from which the yoke is made, the pole length L (Fig. 1) and the gap G between the pole piece and 
the magnetic material (not just the air gap) are inter-related. 

As a rough "rule of thumb" H is approximately one half of W, T is approximately one tenth H t L is 
approximately one and three quarters W, and G is approximately one fifth W. Each winding 6, 7 is wound 
for a maximum flux density in the yoke 2, 12. 

Not only can the yoke of the preferred embodiment be scaled to any size but the shape of the yoke can be 
altered so that, for example, Fig 3 could represent a section through a curved or toroidal yoke used to test 
tubular rubber pipe or steel cable. 

Turning now to Fig. 4, the field windings 6A and 6B are respectively connected together in series across 
an AC supply which preferably comprises a 5kHz sine wave oscillator 14 having an output of 
approximately 1 Vpp per field winding 6. However, the oscillator frequency can vary between 50Hz and 
50kHz to suit the particular magnetically permeable member. In addition, a d.c. bias can be supplied to the 
field windings 6, and 6A by any conventional means (not illustrated) so that unidirectional current rather 
than alternating current flows in the field of windings 6 and 6A. However a time varying magnetic field is 
still created thereby. 

Another sine wave oscillator 15 is able to be connected, via switch S4, in parallel with oscillator 14 to 
produce an amplitude modulated output as will be explained hereafter. 

Each of the sensing windings 7A and 7B are respectively connected together in series. One end of each 
series connection 

is grounded and the other ends respectively provide inputs 
A and B from the upper yoke 2 and the lower yoke 12 to an 
input interface block 16. 

In the preferred embodiment, a single field winding 

6C and a single sensing winding 7C are also provided to permit the continuity of a single cord or the 
rubber wear pro 

file to be detected. The output of single sensing winding 7C provides input C for inputinterface block 16. 

Withswitch 54 open, theoutputs of the sensing windings -7A, 7B comprise'an amplitude modulated sine 
wave-, the amplitude- of whichdepends on thereluctance of the. magnetic path (s) existing at any given 
time between each pairof pole pieces-5A, or 5B.. The sine waves for eachyoke a-re added in phase: and 
pass through the input interface block 16 to the amplitude demodulator and null balance block17, the 
output of which comprises a DC signal.The-magnitude ofthis DC signal is a direct indication 
ofthereluctance between the pole pieces 5 as a function of time.Theref- erence potential ofthe do signal is 
setby the block 17. 

The output ofthe amplitude demodulator and null balance block 16 is passed through a gain and offset 
block 

17. The output D from the gain and offset block 17is coil patible with an analog chart recorder (not 
illustrated) 

The output ofthe gain and offset block 18 isalso passed via a differentiator block 19 to latch block 20, the 
output of which provides adigitaloutput E@comparable with the analog indication provided by the output D 
block18. 

A power supplies block 21 converts the AC mains supply into a plurality of DC supply voltageswhich are 
thenused where necessary throughout the circuit. 

Fig. 5 illustrates the circuit details ofthe input interface block 16. Three switches S1 , S2 and S3 arepro- 
vided to permit the selection of any one of four possible 

signals to the amplitude demodulator and null balance block17. Thesefour signals are the output A from 
the sensing windings.7A o-f the7 upper yoke 2, the output B fromthe-sens- ing windings 7B ofthe lower 
yoke 12, thesum of outputs A and B, and the output C from the single sensing winding 7C. 

Three operational amplifiers are usedto. provide some gain as well as somedegree of isolation. 

The circuit details ofthe amplitude demodul- -ator and null balance block 17 are illustrated in Fig. 6, 
the circuit ofthe preferred embodiment incorporating five 
operational amplifiers-. -The last of these operational- amp 
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lifiers preferably has a capacitor 22 connected (as illus 

trated) across the inputs of the operational amplifier. The capacitor 22 is of great assistance in removing 
vibrational noise from the output D. 

Fig. 7 illustrates the circuit details of the differentiator block 19 and latch block 20 which, in the preferred 
embodiment, together include three differential amplifiers and four NAND gates. Similarly, Fig. 8 illustrates 
the circuit details of the power supplies block 21 which incorporates a mains isolation transformer, two 
diode bridges, and three integrated circuits. 

In operation, the belt 10 typically travels at a speed of approximately 3 M/sec. and thereforefte time taken 
for a particular point on the belt 10 to pass between adjacent pole pieces5A or5B is of the order of 100 ms. 
As indicated in Fig. 2, the magnetic field B produced by the field windings 6A, 6B, 6C passes longitudinally 
through the cords 1 1 between the pole pieces 5A, 5B. Where the steel cord 1 1 is intact, that is, its 
continuity has not been destroyed by a mechanical break or chemical corrosion, the reluctance of the 
magnetic path comprising the steel cord 1 1 and yoke 2 is relatively low and therefore the output of the 
sensing windings 7A, 7B and 7C is high.However, should the steel cord 1 1 be broken or corroded, the 
reluctance of the magnetic path is greatly increased and therefore the output of the sensing windings is 
correspondingly decreased. 

The changes in the magnitude of the output of the sensing windings are reflected in. the amplitude of the 
sine wave applied to the amplitude demodulator and null balance block 17. These changes in amplitude 
modulation are reflected in a change of the level of the output of the amplitude demodulator and null 
balance block 17 which results in a corresponding change in the amplitude of the output D of the gain and 
offset block 18. 

With switch S4 closed, the output of oscillator 15 

is mixed with the output of oscillator 14 so as to produce a 

resultant amplitude modulated signal which is applied to the 

field windings 6A,6B. Preferably the modulation is 800 Hz 

on 5kHz with 20% peak-to-peak modulation giving a modulation 

index of 0.2. However, modulation of the carrier frequency with a frequency of the order of 20% of the 
carrier frequency is sufficient. 

The effect of an amplitude modulated signal being applied to the- field windings 6A, 6B is to greatly reduce 
the electrical noise produced in the sensing windings 7A, 7Bbecause of the vibration of the belt 10 
towardsand-away- from the pole piecesSA, 5B as the belt travels. This effect is brough about because the 
outputof- the- sensing windings is respectively increased and decreased as the belt 10, and hence cords 
1 1 , approach and recede from the pole pieces 5. 

At the same time the magnetic field penetrates into the belt 10 by a degree which varies in accordance 
With the instantaneous modulation amplitude. 

However, the outputof the sensing winding 7 does not directly reflect the modulation frequency due to 
thedependence-on the-output of the amount of steel cord 1 1 in the path ofany -particular line of magnetic 
flux passing between the poles 5. 

Thuswhere an appreciable length ofcord 1 1 lies in the magnetic flux path, small movement of either the 
cord 1 1 or the flux in response to vibration or modulation respect- ively will only have a negligible effect on 
the output of sensing winding7. 

However,- where the flux nearly, or onlyjust,-links a cordl 1 then smallmovementsof the cord 1 1 or small 
changes 

in the flux penetration will significantly alter thereluct- ance of the magnetic path. The net result of this 
action istb smooth the output-of the - sensing winding 7 by damping relatively high frequency changes 
caused by vibration of the; belt 10. Reductions in vibrational^ caused noise of the order of 50% have been 
achieved. 

The output D for signal A recorded at a relatively 

slow speed isillustrated-in-Fig- 9. Adjacentsections of the beltare indicated- by adjacent peaks 31 in Fig. 9. 
Thepeaks- 31 are caused by the additional steel present at the 
splice which joinseach pair of adjacent belt sections. 
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It will be appreciated by those skilledinthe 

art, that sincethe belt- 10 is moving relative to the transducer assembly 1 , the graph illustrated in Fig. 9 
intact 

represents a "map" of the belt 10which is termed a "conveyor belt signature". The analog signal of output 
D indicated in 

Fig. 9 is also passed through the differentiator block 19 and thence through latch block 20 in order to 
provide a pulse at each time that the amplitude of the analog signal changes in a step-wise fashion. The 
pulses are then used to trigger a set-reset flip flop in order to provide a digital output E which is 
substantially comparable with the analog output illustrated in Fig 9. 

The graph illustrated in Fig. 9 is the result of operating the chart recorder at a low speed so that a 
relatively large portion or length of the conveyor belt is illustrated in the graph. If the chart recorder is 
operated at a fester speed, a much shorter length of the conveyor belt corresponds to an equivalent length 
of graph. This is the situation illustrated by the graph of Fig. 1 0 in which the output A of only sensing 
windings 7A is selected by means of switches S2 and S3 of Fig. 5 so as to produce a corresponding 
output D which is then graphed. 

Commercially available conveyor belts are made up from a number of sections typically of the order of 
300m in length which are spliced together to form a continuous belt. 

In addition, the sections are often repaired by cutting out a portion and splicing in a new portion. As seen 
in Fig. 10, each of these splices in the belt results in a peak. Thus the "conveyor belt signature" graph of 
Fig. 10 includes three peaks 31, 32 and 33 which indicate three adjacent splices in the belt. Fig. 10 also 
indicates the condition of the reinforcing cords within the belt. The graph of Fig. 10 provides an excellent 
visual record of the nature of the splices in the belt. Thus because the peaks 31 and 33 of Fig. 10 have a 
substantially uniform amplitude, this is indicative of a uniform overlap of the steel cords within the splice so 
that the reluctance of the conveyor belt is substantially constant for the length of the splice. However, this 
is not the case for the splice corresponding to peak 32 and since the amplitude of the peak 32 is greatly 
reduced at two positions within the peak 32, it is clear that at the corresponding two 
locations within the conveyor belt there is not an acceptable degree of overlap of the steel cord within the 
splice. Thus the strength of the splice is substantially reduced and Fig. 

10 can be regarded asillustrating threesplice signaturesinthe form of the three peaks. 

The-resultsofX-ray analysis of the conveyor belt splice which corresponds topeak 32 of Fig. 10 
areillustrated ed in Fig. 1 1 . To the left and the right of Fig. 1 1 can be seen the spaced steel cordswithin the 
unspliced portions of the conveyor belt which are illustrated immediately to the left and right respectively of 
the peak 32 ofFig. 10. The three regions of high amplitude of peak 32 correspond to the three regions of 
over-lapping cords illustrated in Fig. 11 and these three regions are separated by means of two 
otherregions- of verysubstantially reduced numbers of reinforcing cords.Thetype-of splice corresponding 
to peak 32 is termed a 3-stage splice. These two regionscorrespond to the two regions of low amplitude 
contained within the peak 32. The two weakened regions within the splicehave s-ubstantially reduced the 
strength of the conveyor belt and the belt, being under tension, has begun to neck, or reduce in- width, at 
the location of the defectivesplice corresponding to peak 32. 

This can be seen from a consideration of Fig. 1 1 where the width of the conveyor belt isreduced in thecen- 
tre of that portion of the conveyor belt which isX-rayed. 

Fig-. 12- showsgraph of- the cord densi-ty of the peak 32 of Fig. 10 as determined by actually counting the 
cords revealed by the X-ray ofFig.- 1 1 . Thesolid line in 

Fig. 12- shows the actual counted numbers ofcords whilst the brokenlinexin-dicates the expected 
graphproduced-by- a chart recorder which, of neces-s-ity, must possess someinertia. 

Bearing in .mind the differences in scale between Figs.- 10 and 12, it is- clear that there is excellent 
correlation -between the broken line of Fig. 12 and the graph ofFig 10. 

The distance between adjacent peaks 32 and 33 of 

Fig. 10 corresponds to approximately 20m which length was inserted into the conveyorbelt in order 
torepair same. 

However, subsequent analysis of the repair in accordance with the foregoing hasindicated that one of the 
splices ofthe repair-was faulty. Thus, such faulty splice work is able to be determined at the time-of making 
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therepair: and. therefore a defective repair can be corrected on the one occassion at which the belt is 
stopped. This is far bettter than stopping the belt for a repair and then a short time later incurring the 
economic cost of a further stoppage to correct a further fault in the conveyor bettbrought about by failure of 
one of the splices in the repair. 

Since the conveyor belt must be stopped in order to 

X-ray the belt, and this procedure is slow, cumbersome and expensive, the graph of Fig. 10 provides a 
particularly valuable tool for the analysis of splices in conveyor belts. 

In particular, for each peak, the area under the curve of the peak is approximately proportional to the 
strength of the splice and hence is proportional to the safety margin of the splice. Therefore a simple 
graphical analysis, rather than a cumbersome and expensive X-ray, can be used to determine whether or 
not a particular splice should be accepted or replaced. 

The conveyor belt signature of a conveyor belt is unique and will be reproduced each time the conveyor 
belt passes under the upper yoke 2, after each complete revolution of the belt. Thus a signature in the 
form of graph 10 may be taken at different times for the same belt and the various signatures compared. If 
there has been no corrosion in the belt and also no substantial wear of the rubber covering of the belt, 
then the signatures taken at different times will be substantially identical. Thus any marked change in the 
amplitude of the conveyor belt signature can be used as an early warning that the condition of the belt has 
deteriorated and therefore failure is likely unless steps are taken to repair that location of the belt. 

Since the graphs of Figs. 9 and 10 are directly proportional to the reluctance between the pole pieces 5A, 

it will be apparent to those skilled in the art that as the 

rubber covering of the belt wears, so the steel reinforcing 

cords within the belt will be spaced more closely to the 

pole pieces 5A thereby decreasing the reluctance of the mag 

netic path between the pole piecesSA. Thus conveyor belt 

signatures taken at different times provide a measure as to 

the degree of wear of the rubber covering of the belt since the change in reluctance of the belt brought 
about by wear of its rubber covering will be very -much less than the change in reluctance of the belt 
brought about by corrosion or breakage of the reinforcing cords. 

A problems arises, however,- in relation to conveyor beltsfor.which there isno-previous conveyo-r-belt 
signature with which the graphs of Figs. 9 and 10 can be compared. In the absence of such a comparison 
one cannot be certain that a changeinthe amplitude ofithe graph (and hence belt-re-. 

luctance) has been caused by a change in thecondition of the reinforcing cords or causedby,- for example, 
a patch of abnormally high rubber-wear. 

In order to overcome this problem, the, lower yoke 12-is provided and the-two signals A and B are added 
together in anti-phase. It would be apparent to-those skilled in the art that if the uppe-r surface of the 
conveyor belt is worn, then the steel reinforcingcords-will be closer to pole pieces5A but further away 
frompole pie-ces 5B. Thus the reluctance between pole piecesSA will be decreasedwhereas the 
reluctance between pole pieces 5B will be increased by a corresponding amount. 

Thus, adding the signals A and B inanti-phase automatically compensates for changes-inXthe .thickness 
of the- rubber covering caused by wear. In addition, this procedure also overcomes changes.in reluctance 
caused by the fact that the steel cords may not at all times becent-rally located within the belt at the time 
of its manufacture. This manufacturing defect can produce changes in the graphs 9 and 10 of the 
conveyor belt signature whichare -capable ofbeing misinterpreted as due to corrosion in the steel cords. 

Figs. 13 and 14 are graphs illustrating the output 

D of Fig. 6 in the situation where switches S1 to S3 of Fig. 

-5 are connected so as to provide the summed output of A and 
B. 

The output D for signal A +-B(with signal and:signal B both being identically calibrated by use of potent- 
iometer R5 of Fig. 5) recorded at relatively high speed on a chart recorder as a function of-time is 
illustrated in Fig. 
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13. The firstportion 9A of the trace indicates that none of the cords have been corroded, the second 
portion 9B indicates that 6 cords of the total of approximately 60 or 70 cords in the belt are corroded. The 
next portion 9C indicates that 1 1 cords of the belt are corroded and therefore this portion of the belt should 
be replaced since it is likely that this portion of the belt will fail in the near future. The next portion 9D 
indicates that none of the cords are corroded whilst the next portion 9E indicates that there is a relatively 
short break in many of the cords, and so on. 

A splice 31 joining adjacent portions of the belt is also shown. The duration of portion 9C corresponds 
exactly to a length in the belt 10 which should be replaced. In order to determine the precise location of 
the length to be replaced it is necessary to correlate the start of the chart recording with the initial portion 
of the belt 10 to pass under the transducer assembly 1 , usually a splice is marked as a reference. 

In Fig. 14 the chart recorder is operated at a slower speed than in Fig. 13 and also in respect of the same 
piece of belt as is the subject of Fig. 10. The graphs of 

Figs. 1 3 and 14 are termed corrosion signatures since although peaks 31 , 32 and 33 of Fig. 1 0 are clearly 
shown in 

Fig. 14, the variation in the output brought about by rubber wear in Fig. 10 has been eliminated in Fig. 14. 

Fig. 15 is a graph similar to Fig. 14 save that the chart recorder is operated at a higher speed. Again the 
same portion of conveyer belt is used so that peaks 32 and 33 are again produced. The relatively flat 
portions of the graph of Fig. 15 between the peaks 32 and 33 indicate that none of the cords in the belt are 
corroded and that the only defect in the belt is the faulty splice corresponding to peak 32. 

Turning now to Figs. 16 and 17, the need sometimes arises to determine the transverse profile of the 

rubber on a belt. This comes about because conveyor belts are typically 

supported by three rollers, a central horizontal roller and 

an inclined roller positioned at each end of the central 

roller so as to form a generally U-shaped trough to which 

the loaded conveyor belt conforms. This arrangement gives 

rise to increased wear of the rubberbn- the conveyorbelt which, after a period of time, results in a 
characteristic 

W-shape for the conveyor belt when viewed in transverse -cross section. 

The profile of the belt- can be determined by useof the single transducer 6C, 7C of Fig. 4which is 

schematically -illustrated as yoke 2C in Fig. 16. Also schematically ill 

ustrated.in Fig.16-is length of conveyor belt 10 having 

steel reinforcing cords 1 1 . At 40, a region of the rubber 

covering of the belt is.cut awayn order to expose the 

cords 1 1 and the yoke 2C is moved from sideside across 

the conveyor belt in a transverse direction.that is normal 

to the longitudinal axis ofthe belt, i-n-the direction of 

arrow 41 . 

The output ofthe -sensing winding 7C as a functibn 

of time during the abovedescribed- motion- is -graphed in Fig. 

17 and termed a covering wear signature .since it indicates 
the wear ofthe rubber covering ofthe-cionveyor belt. The 
very-high-output 17A caused initially is brought about by 
the yoke 2C being substantially in contact with some ofthe 
cords 11 thereby producing a magnetic path for the yoke 2C 
of very low reluctance. 

An abrupt step 17B is causedby the liftingofthe 
yoke2C- onto the upper surface ofthe rubber ofthe conveyor 
belt 10 which results in output -17C.As. the yoke-2C is 
moved— across the load carrying centreportion ofthe belt 10, 
-the output 17D is produced showing thesubstantially W- 
shaped worn region at the centre ofthe belt. 

Clearly, the arrangement of- Fig. 16 permits the 

wear ofthe rubber covering ofthe belt to be ascertained in 
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the transverse- direction whilst the apparatus of Fig. 1 per 
mits the wear to be ascertained inthe- longitudinal direction 
of the belt. This is of assistance in the design and study 
-of supporting roller -arrangements for-cqnveyorbelts. - 
Tur-ning now to Fig. 18,an annular embodiment of 
the present invention useful fortesting cylindrical bodies 
such as steel cables, coated steel cables,rubber t-ubes with 
steel reinforcing cables, and even concrete beams andcolumns 
with steel reinforcing rods. 

In the embodiment illustrated in Fig. 18 an annular yoke 40 is formed by bending a piece of U-shaped iron 
channel to form an annulus. A plurality of radial slots 41 are cut in the yoke 40 to form pole pieces 42 
which cany field and sensing windings 6, 7 as before. The yoke 40 is preferably formed from two semi- 
circular pieces connected together by a hinge 43. Thus a view taken along the line 
Ill-Ill of Fig. 18 will resemble Fig. 3. 

The hinge 43 permits the yoke 40 to be opened and placed over a steel cable 44 so that the cable 44 is 
substantially co-axial with the yoke 40, which is supported by any convenient structure 45. The cable 44 
can be either bare or covered by means of a coating of plastics, rubber tar or the like. Such cables find 
wide application in cranes, winches and other such apparatus. Since these cables carry a heavy load 
during operation, it is very desirable to know if any of the steel strands (not illustrated) from which the 
cable 44 is formed, are broken, or worn, or abraded or plastically deformed thereby indicating probable 
imminent cable failure. 

In order to permit relative movement between the yoke 40 and cable 44, it is desirable to locate the yoke 
40 between two pulleys 46 and 47 so that the cable 44 can pass over the pulleys 46, 47 whilst still 
remaining substantially co-axial with the yoke 40. In this way substantially all of the cable 44 can be 
passed through the yoke 40. 

During this operation, the reluctance path of the yoke which includes a sound cable will be substantially 
con 

stant and therefore the output of the sensing windings will 
also be substantially constant. However, where one or more 
strands of the cable are broken or worn, then the cable re 
luctance is changed resulting in a changed sensing winding 
output Furthermore, wear of bare cables with time so that 
the overall diameter of the cable is decreased can also be 
detected due to increased reluctance of the cable produced 
by its reduced cross-sectional area. 

Figs. 19 and 20 illustrate apparatus of another 
embodiment which is useful in the testing of steel railway 
lines for wear and structural defects. The apparatus takes 

the form of a yoke 40 having only two pole pieces 51 which carry field and sensing windings 6 and 7 
respectively. 

-The pole pieces51-are:supported by a carriage. 

assembly 52- so that a substantiallyconstant air gapThis maintained between the. downwardly directed 
feces of the pole pieces- 51 and the uppersurface -of asteel -rail 53 which typically forms part of a railway 
track or permanent way. 

The carriage assembly 52 includes twojockey- wheels 54 which each rotate about a corresponding axle 55 
carried bytwo transoms 56 and 57. A cross bar 58extend-s between the transoms 56 and 57 andsupports 
the yoke 50. The jockey wheels 54 have an internal annular flange 59 and acylindric- al surface 60-which 
bears on the upper surface of therail 53. 

The carriageassembly 52 dependsinany conventional 

fashion from a bogey (not illustrated) so that the jockey wheels 5-4 always bear against the rail 53. This 
can be achieved by downwardly resiliency biasing the carriage ass-embly 52 against the bogey. 

A-s the carriage assembly 52moves along therail 53, the field winding 6 induces a timevarying magnetic 
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field in the rail 53 whichjn. turn, induces a voltage in the sensing winding 7-which is dependent upon the 
reluctance of the rail 53. Thus not only can notches 61 and similar defectsinthe rail-5-3 be detected-but 
wear -of therail 53 can also-bedetected. In both instances a change in the amount of magnetic material 
(steel) present in therails 53 is-brough about and this change results ina .change in reluctance detectable 
by the sensing winding 7. 

The foregoing describes only some embodiments of the present invention and modifications, obvious 
tothose skilled in the art, may be made thereto without departing. 

from thescope-oMhe present invention. For- example, the- integrity and depth of steelreinforcing.rods 
embedded- in concrete columns andbe-ams can bedetermined-by passing the carriage. 3 containing only 
the upper yoke 2 over the surface of the concrete columndr beam and obtaining an output as described 
above. Such-anoutput w-ill be i-ndicative of the condition of the steel reinforcing within the concrete 
member and hence indicative of the strength of the member.. 

Similarly, a toroidal yoke as illustrated in Fig. 1 8 can be used to test the integrity and continuity of steel 
reinforcement within cylindrical or tubular non-magnetic bodies such as cylindrical columns of reinforced 
concrete or rubber tubing reinforced with steel cords. 
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Method, apparatus and instrument for monitoring elongate magnetically 
permeable members 

Claims ofEP0027368 



CLAIMS 

MONITORING- OF ELONGATE MAGNETICALLY 
PERMEABLE MEMBERS 

1 . A method of monitoring the integrity of an-elongate magnetically permeable member, said method 
comprising the 

steps of aligning said member betweentwo-spaced apart magnetically permeable pole facesseparated by- 
- a magnetically 

permeable yoke carrying a field winding and a sensing wind 

ing; inducing a time varying magnetic field in said yokewhich passes through said elongatemember 
between said pole. 

faces; causing relative movement between said elongate member 
and said pole faces; and sensing changes in the magnitude of 
the voltage -induced in said sensing winding caused by changes. 

in the reluctance path containing said yoke and said elongate member. 

-2. A method as claimed in claiml- wherein said elongate member, is separated from -said pole faces by 
asubstantially 

constant spacing during said .relative movement. 

3. A method as claimed inclaim 2 wherein said sub 
stantially constant spacing includes anon magnetic covering 
applied- to said elongate member. 

4. A method as claimed in any oneof:the preceding 

claims wherein said elongate member comprises a steel rail. 

5. A method as claimed in any one of claims 1 to 3 
wherein said elongate member comprises a steel cable. 

6. A method as claimed in any one of claims 1 to-3 
whereinsaid-elongate member comprisesone off a— plurality of 
steel reinforcing-members located within a conveyor belt. 

7. A method as claimed in claim 6wherein said pole 
faces comprise one pair of a plurality of.pairsof pole 
faces carried by said yoke, and saidsensing-winding and 

said fieldwinding-comprise- one of acorresppnding-plurality- -of field windings- and sensing 
windingscarried by said yoke, 

each pair of pole faces beingmSgnetically-associated with: a 
corresponding field winding and a corresponding sensing 
winding. 

8. A method as claimed in claim 6 whereinsaid yoke is 
carried by acarriage. mounted on wheelswhich engage the 

upper surface of said conveyor belt andmaintains-aid pole- faces spaced from said upper surface. 

9. A method as claimed in claim 8 wherein said carriage includes a further, substantially identical yoke 
positioned below said conveyor belt to maintain the pole faces of said further yoke spaced from the lower 
surface of said belt. 

10. A method as claimed in claim 6 or 7 wherein said steel reinforcing members are moved longitudinally 
past said pole faces and the voltage induced in said sensing winding(s) is recorded to produce a conveyor 
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belt signature. 

1 1 . A method as claimed in claim 9 wherein said cables are moved longitudinally past said pole faces and 
the voltages induced in all the sensing windings are added together and recorded to produce a corrosion 
signature, the voltage induced in the sensing windings carried by said further yoke being added in anti- 
phase. 

12. A method as claimed in claim 6 wherein said cables are moved transversely past said pole faces and 
the voltage induced in the sensing winding is recorded to produce a covering wear signature. 

13. A method as claimed in any one of the preceding claims wherein said time varying magnetic field has 
a frequency in the range from 50 Hz to 50kHz. 

14. A method as claimed in claim 13 wherein said time varying magnetic field is amplitude modulated. 

15. A method of monitoring the integrity of an elongate magnetically permeable member, said method 
being substantially as described with reference to Figs. 1 to 15 or Figs. 16 and 17 or Fig. 18 or Figs. 19 
and 20. 

16. Apparatus for monitoring the integrity of an elongate magnetically permeable member, said apparatus 
comprising a magnetically permeable yoke having two pole faces and being adapted for movement 
relative to said member; a field winding and a sensing winding carried by said yoke; spacing means to 
maintain said pole faces spaced a predetermined distance from said elongate member; current generating 
means connected to said field winding to induce a time varying magnetic field passing through said 
elongate member between said pole faces; 

and sensing means connected to said sensing winding to sense 
the voltage induced therein by said magnetic field. 

17. Apparatus as claimed inclaim 1-6 wherein said yoke comprises a U-shaped channel having a plurality 
of slots cut in the sidesthereof to form pairs of pole pieces, one pole piece of each pair carrying a field 
winding and the other pole piece of each pair carrying a sensing winding. 

18. Apparatusas -claimed in claim 17wherein said field windings are connected together in seriesacross 
said current,generating means and said sensing windings are connected together in series across said 
sensi-ng means. 

19. Apparatus as claimed-in-claim 16-o-r- 17 wherein said y-oke is annular, said slots aresubstantially 
radial and said pole pieces define an interior substantially co-axial cylindrical cavity adapted to receive 
said elongate magnetic member. 

20. Apparatus as claimed in claimwherein said yoke is formed fromtwo halves hingedly 
connectedtogether.. 

21. Apparatus as-danmedinxlaim 16 or 17 wherein said spac-ing means comprises a wheeledcarriage - 
carrying said yoke and adapted to be positioned on one surface of a conveyor belt and supported thereby 
with said yoke extending transversely across said belt. 

22. Apparatus as claimed in claim 21 wherein said carriage includes a further, substantiallyidentical yoke, 
both yokes being substantially parallel with said further yoke being adapted to be located adjacent to 
theot-her-surface-of saidbelt. 

23. Apparatus as claimed inclaim 22 wherein said sensing means adds the output of allsaid sensing 
windings together withthe- output of the sensing windingsof said fur-ther yokebeing added in anti-phase. 

24. Apparatusas -claimed in claim 16 wherein saidspaced ing means comprises a wheel mounted in 
acarriage assembly and adapted to engage a steel rail, said yoke being mounted on said carriage 
assembly with said pole facesspaced a pre-determined distance from the upper surface of said rail. 

25. Apparatus as-claimed in any one qf claims 16 to 24 wherein said current generating means comprises 
an oscillator having a frequency of from 50Hz to 50kHz. 

26. Apparatus as claimed in claim 25 wherein the output of said oscillator is amplitude modulated. 
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27. Apparatus as claimed in claim 25 or 26 wherein said sensing means is tuned to the frequency of said 
oscillator and comprises an amplitude detector. 

28. Apparatus as claimed in claim 27 wherein said sensing means includes a logic circuit having a digital 
output dependent upon the reluctance of said magnetically permeable member. 

29. Apparatus as claimed in claim 27 or 28 including means to record the output of said sensing means. 

30. Apparatus as claimed in any one of claims 16 to 29 wherein said yoke is U-shaped and the or each 
pair of pole faces comprises the free ends of a generally rectangular strip of magnetically permeable 
material of substantially constant thickness transversely bent twice to form said yoke, wherein-the length 
of the arms of U-shaped yoke is approximately half the distance between said pole faces, the thickness of 
said strip is approximately one tenth of said length, the width of said strip is approximately one and three 
quarters times said distance between said pole faces and the predetermined distance between said pole 
faces and said elongate member is approximately one fifth of said distance between said pole faces. 

31 . Apparatus as claimed in any one of claims 16 to 30 wherein said elongate magnetically permeable 
member is covered with non-magnetic material. 

32. Apparatus for monitoring the integrity of an elong 

ate magnetically permeable member, said apparatus being sub 
stantially as described with reference to Figs. 1 to 8 or 
Fig. 16, or Fig. 18 or Figs. 19 and 20. 

33. An instrument for monitoring the effective loss of 
metal from elongate bodies such as cables, rods and rails, 
including: a magnetically permeable U-shape core shaped so 
as to define a pair of spaced poles having substantially co 
planar faces, field windings on one of said poles wound so 
as to create a substantially uniform magnetic field between 
and along the pole faces when the winding is energised with 
alternating electric current, sensing windings on the other 

of said poles, and guide means for locating the pole faces in constant andclose proximity to the elongate 
body to be monitored whileallowing the elongate body to be drawn there- -past, or allowing the core to be 
drawn along theelongate body, so that in use an alternating electric potential is induced in the sensing 
windings having a magnitude related to the amount of metal within the: portion of the elongate body 
between the pole faces. 

34. An instrument according to claim 33, wherein the pole having the field windings is divided into sections 
by deep-slotsformed-in its face, and wherein-t-he field windings comprise a plurality of interconnected coils 
wound in saidslots and around said sections so thatjh use, a substanitally uniform magnetic field will be 
formed along andacr-oss. the pole faces. 

35. An instrument according to claim 33or -34 whereinthe pole -bearin-g the sensing windings is divided 
into sections by deep slots formed in its face and wherein the sensing windings comprise a plurality of 
interconnected coils wound in said slots and around said sections. 

36. An instrument according to any oneof- claims 33 to 35 formonitoring effective metal loss in running 
steelcable, characterised in that the U-shape core is formed so as to encircle the cable, and in that said 
core is formed in at least two sections movable with respectto one another so that the core can be opened 
for removal from thecable and so that it can be closed aroundthe-cable. 

37. Aninstrument according to any one- of claims 33 to 35 for monitoringeffective metal lossin!: a running 
conveyor belt having steel reinforcing cables embeddedthere-in, characterised in that one U-shape core is 
shaped to conform to one surface of the belt and to extend thereacross, a second- 

U-shape core is shaped to conform to the otherside of the: belt and to extend thereacross, means are 
provided to locate the two cores opposite and facing oneanother in spaced re- 
lation, and characterised in that the sensing windings of one core are connected in antiphase to those of 
the other core whereby the effects of belt movement toward one core and away from the other upon the 
combined output of the sensing windings are minimised. 
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38. An instrument according to any one of claims 33 to 37 including an alternating current power source 
having an output frequency of between 1000 Hz and 50,000Hz connected to the field windings, and an 
a.c. detector circuit connected to the sensing windings for detecting the fall of the a.c. signal below a 
predetermined level for a predetermined time thereby signifying metal loss above a given limit, or 
recording means connected to the sensing windings for recording the level of the a.c. signal over time to 
permit subsequent assessment thereof. 

39. An instrument according to claim 38, wherein the a.c. detector circuit comprises an integrator circuit for 
integrating the signal over an extended period of time to establish a reference signal level, a comparator 
circuit for comparing said reference level with the substantially instantaneous signal level, and output 
means for signifying when said substantially instantaneous signal falls below the reference level by a 
predetermined degree. 

40. An instrument according to claim 38, wherein the recording means comprises means for recording the 
variations of the signal overtime to generate and store a first signature of the elongate body being 
monitored, play-back means for regenerating said first signature, and comparator means for comparing 
said regenerated first signature in synchronism with subsequent signatures derived from the sensing 
windings or from subsequent recordings thereof, the comparator means thereby generating an output 
signal whenever the signal level in subsequent signatures varies significantly from said first signature. 

41. A technique for monitoring metal loss from elongate bodies such as cables, rods or rails, comprising 
the steps of coupling an alternating magnetic field through the body to form a magnetic circuit, said field 
being substantially uniform in the vicinity of the body, detecting the degree of coupling by means of the 
output of a sensing winding in said circuit, traversing said field along the body (by moving either the field or 
the body), anddetecting variations of the output of the sensing winding as an indication of the metal loss, 
the field and/or the body being guided so that theirrelative spacing is substantially constant. 

42. A technique according to claim4l,-wherein— the Afield is generated by energising a field coilwound 
around one pole:of a U-shapecore and wherein the sensing winding iswound around a sec-ond pole of- 
said core to detect the degree -of magnetic coupling, wherein the indicationor metal loss is obtained by 
comparing the variations of the output of the sensing winding with a signal obtained by integrating the 
output of the sensing winding overtime, or with corresponding variations in said output -obtained from a 
recording of measurements of said- output obtained fromthe same body at anearlier time. 
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